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(54) [Title of Invention] Al-Mg-Si system alloy having excellent weldability 
(57) [Summary] 

[Problem] To develop Al-Mg-Si system alloy material having not only better weldability and 
corrosion resistance as compared to the existing Al-Mg-Si system alloys but also tensile strength 
>150N/mm and excellent workability for performing extrusion, rolling, forging, etc. 
[Solution] Al-Mg-Si system alloy having excellent weldability containing 0.2—2. 0wt% Mg, 
0.15—1. 5wt% Si and 0.03— 3.0wt% Sc and, if necessary, at least one of the additive elements from 
the under-mentioned [Group 1], [Group 2] and [Group 3], and the rest Al and inescapable 
impurities 

[Group 1]: At least one selected from <1.0wt% Cu and <1.0wt% Ag 

[Group 2]: At least one selected from <0.5wt% Fe, <1.5wt% Mn, <0.6wt% Cr, < 0.5wt% V, 

<1.0wt% Ni, <0.5wt% Mo and <2.0wt% rare earth elements 

[Group 3]: At least one selected from <0.2wt% Ti, <0.08wt% B and <0.3wt% Zr 

[Claims] 

[Claim 1] Al-Mg-Si system alloy having excellent weldability containing 0.2-2. 0wt% Mg, 
0.15-1.5wt% Si and 0.03— 3.0wt% Sc, and the rest Al and inescapable impurities 
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[Claim 2] Al-Mg-Si system alloy having excellent weldability containing 0.2~2.0wt% Mg, 
0.15~1.5wt% Si and 0.03~3.0wt% Sc and at least one selected from <1.0wt% Cu and <1.0wt% 
Ag 5 and the rest Al and inescapable impurities 

[Claim 3] Al-Mg-Si system alloy having excellent weldability containing 0.2-2. 0wt% Mg, 
0.15~1.5wt% Si and 0.03-3. 0wt% Sc and at least one selected from <0.5wt% Fe, <1.5wt% Mn, 
<0.6wt% Cr, < 0.5wt% V, <1.0wt% Ni 3 <0.5wt% Mo and <2.0wt% rare earth elements, and the 
rest Al and inescapable impurities 

[Claim 4] Al-Mg-Si system alloy having excellent weldability containing 0.2— 2.0wt% Mg, 
0.15~1.5wt% Si and 0.03~3.0wt% Sc, and at least one selected from <1.0wt% Cu and <1.0wt% 
Ag, and at least one selected from <0.5wt% Fe, <1.5wt% Mn, <0.6wt% Cr, < 0.5wt% V, 
<1.0wt% Ni, <0.5wt% Mo and <2.0wt% rare earth elements, and the rest Al and inescapable 
impurities 

[Claim 5] Al-Mg-Si system alloy having excellent weldability containing 0.2-2. Owt% Mg, 
0.15-1. 5wt% Si and 0.03-3.0wt% Sc and at least one selected from <0.2wt% Ti, <0.08wt% B 
and <0.3wt% Zr, and the rest Al and inescapable impurities 

[Claim 6] Al-Mg-Si system alloy having excellent weldability containing 0.2— 2.0wt% Mg, 
0.15-1. 5wt% Si and 0.03-3.0wt% Sc, and at least one selected from <1.0wt% Cu and <1.0wt% 
Ag, and at least one selected from <0.2wt% Ti, <0.08wt% B and <0.3wt% Zr, and the rest Al and 
inescapable impurities 

{Claim 7] Al-Mg-Si system alloy haviflg excellent weldability containing 0.2-2. 0wt% Mg, 
0.15-1.5wt% Si and 0.03-3.0wt% Sc, and at least one selected from <0.5wt% Fe, <1.5wt% Mn, 
<0.6wt% Cr, < 0.5wt% V, <1.0wt% Ni, <0.5wt% Mo and <2.0wt% rare earth elements, and at 
least one selected from <0.2wt% Ti, <0.08wt% B and <0.3wt% Zr, and the rest Al and 
inescapable impurities 

[Claim 8] Al-Mg-Si system alloy having excellent weldability containing 0.2— 2.0wt% Mg, 
0.15-1. 5wt% Si and 0.03-3.0wt% Sc, and at least one selected from <1.0wt% Cu and <1.0wt% 
Ag, and at least one from <0.5wt% Fe, <1.5wt% Mn, <0.6wt% Cr, < 0.5wt% V, <1.0wt% Ni, 
<0.5wt% Mo and <2.0wt% rare earth elements, and at least one selected from <0.2wt% Ti, 
<0.08wt% B and <0.3wt% Zr, and the rest Al and inescapable impurities 
[Detailed Explanation of the Invention] 
[0001] 
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[Industrial Applications] The invention deals with Al-Mg-Si system Al alloy having medium 
strength with tensile strength >150N/mm 2 and usable in welding structures as rolling material, 
extrusion material and forging material. 
[0002] 

[Existing Technology] Recently, with the increasing trend of making thinner and lighter parts for 
buildings, automobiles, ships, aircrafts, etc., the demand of medium-strength easily mouldable 
Al-Mg-Si system Al alloys having excellent weldability and free from corrosion and stress- 
corrosion cracks has increased. Conventionally, the Al-Mg-Si system Al alloys such as A6061, 
A6063, A6N01, etc., of JIS have been considered for such applications. 
[0003] 

[Problem to be solved by the Invention] When Al-Mg-Si system Al alloys such as A6061, A6063, 
A6N01, etc., are welded, they become prone to develop welding cracks in the beads and 
boundary parts and micro-cracks in the part affected by the welding heat. Therefore, improved 
welding material, improved welding method and the combination thereof were adopted to solve 
the said problems. For example, when crystal grains of the material are made finer and its 
structure is made fibrous, formation of the welding cracks and micro-cracks is controlled. 
Therefore, attempts are being made to solve the said problems by improving the manufacturing 
process (combination of working and heat treatment) and by improving the welding execution 
method and welding conditions. However, as the said methods require special manufacturing 
process, the cost of material production increases and the welding execution and welding 
management become complicated. 
[Steps to solve the Problem] 

[0004] Extensive study conducted in view of the above-mentioned scenario revealed that the 
newly developed Al-Mg-Si system alloy material not only solves the problems of the existing 
Al-Mg-Si system alloy materials but has tensile strength >150N/mm 2 , excellent corrosion 
resistance, and excellent workability for performing extrusion, rolling, forging, etc. 
[0005] Precisely, first claim of the invention comprises the Al-Mg-Si system alloy having 
excellent weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and 0.03-3. 0wt% Sc, and the 
rest Al and inescapable impurities. 

[0006] Second claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and 0.03-3. 0wt% Sc and at least one 
selected from <1.0wt% Cu and <1.0wt% Ag, and the rest Al and inescapable impurities. 
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[0007] Third claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and 0.03~3.0wt% Sc and at least one 
selected from <0.5wt% Fe, <1.5wt% Mn 3 <0.6wt% Cr, < 0.5wt% V, <1.0wt% Ni, <0.5wt% Mo 
and <2.0wt% rare earth elements, and the rest Al and inescapable impurities. 
[0008] Fourth claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15-1. 5wt% Si and 0.03~3.0wt% Sc, and at least one 
selected from <1.0wt% Cu and <1.0wt% Ag, and at least one selected from <0.5wt% Fe, 
<1.5wt% Mn, <0.6wt% Cr, < 0.5wt% V, <1.0wt% Ni, <0.5wt% Mo and <2.0wt% rare earth 
elements, and the rest Al and inescapable impurities. 

[0009] Fifth claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and G.03~3.0wt% Sc and at least one 
selected from <0.2wt% Ti, <0.08wt% B and <0.3wt% Zr, and the rest Al and inescapable 
impurities. 

[0010] Sixth claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and 0.03-3. 0wt% Sc, and at least one 
selected from <1.0wt% Cu and <1.0wt% Ag, and at least one selected from <0.2wt% Ti, 
<0.08wt% B and <0.3wt% Zr, and the rest Al and inescapable impurities. 

[0011] Seventh claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and 0.03~3.0wt% Sc, and at least one 
selected from <0.5wt% Fe, <1.5wt% Mn, <0.6wt% Cr, <-0.5wt% V, <1.0wt% Ni, <0.5wt% Mo 
and <2.0wt% rare earth elements, and at least one selected from <0.2wt% Ti, <0.08wt% B and 
<0.3wt% Zr, and the rest Al and inescapable impurities. 

[0012] Eighth claim of the invention comprises the Al-Mg-Si system alloy having excellent 
weldability containing 0.2~2.0wt% Mg, 0.15~1.5wt% Si and 0.03-3. 0wt% Sc, and at least one 
selected from <1.0wt% Cu and <1.0wt% Ag, and at least one selected from <0.5wt% Fe, 
<1.5wt% Mn, <0.6wt% Cr, < 0.5wt% V, <1.0wt% Ni, <0.5wt% Mo and <2.0wt% rare earth 
elements, and at least one from <0.2wt% Ti, <0.08wt% B and <0.3wt% Zr, and the rest Al and 
inescapable impurities. 
[0013] 

[Function] Role of the additive elements and reasons for limiting their content to the specified 
limits in the Al-Mg-Si system alloys having excellent weldability of this invention are explained 
below. 
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[0014] In the presence of Si, Mg forms Mg 2 Si and provides age hardening. Therefore, Mg is 
indispensable element for improving strength of the alloy and obtaining tensile strength 
>150N/mm . When Mg content is less than 0.2wt%, adequate strength is not obtained and, when 
it is more than 2.0wt%, weldability, workability and corrosion resistance of the alloy deteriorate. 
Therefore, it is desirable to use 0.2-2. 0wt% or preferably 0.4-1. 6wt% Mg. Si forms Mg 2 Si with 
Mg and provides age hardening. Therefore, Si is indispensable element for improving strength of 
the alloy and obtaining tensile strength >150N/mm 2 . When Si content is less than 0.15wt%, 
adequate strength is not obtained and, when it is more than 1.5wt%, weldability and corrosion 
resistance of the alloy deteriorate. Therefore, it is desirable to use 0.15— 1.5wt% or preferably 
0.2-1. 3wt% Si. Sc is indispensable for improving resistance of the alloy to the formation of 
welding cracks. Sc also improves strength of the alloy. When Sc content is less then 0.03 wt%, its 
effect is inadequate and, when it is more than 3.0wt%, strength and workability of the alloy may 
deteriorate. Therefore, it is desirable to use 0.03-3. 0wt% or preferably 0.1— 2.5wt% Sc. 
[0015] Cu improves strength of the alloy, but its corrosion resistance and workability deteriorate 
if the Cu content therein is more than 1.0wt% Therefore, it is desirable to use <1.0wt% Cu. 
When Cu content is less than 0.1 wt%, its effect is inadequate. It is most desirable to use 
0.10-0.7wt%Cu. 

[0016] Ag improves weldability and strength of the alloy. However, when Ag content is more 
than 1.0wt%, workability and weldability of the alloy deteriorate. Therefore, it is desirable to use 
<1.0wt% Ag. When Ag content is less than 0.03wt%, its effect is inadequate. It is most desirable 
to use 0.05-0.7wt% Ag. 

[0017] Each of Fe, Mn, Cr, V, Ni, Mo and rare earth elements improves weldability and strength 
of the alloy; one or more of them can be added. Nevertheless, when content of the respective 
element is more than the specified limit, i.e., more than 0.5wt% Fe, 1.5wt% Mn, 0.6wt% Cr, 
0.5wt% V, 1.0wt% Ni, 0.5wt% Mo and 2.0wt% rare earth element, large crystalline mass is 
formed and mouldability, toughness, workability, weldability, corrosion resistance, etc., of the 
alloy may deteriorate. Therefore, it is desirable to use <0.5wt% Fe, <1.5wt% Mn, <0.6wt% Cr, 
<0.5wt% V, <1.0wt% Ni, <0.5wt% Mo and <2.0wt% rare earth element. If the content is less 
than the specified limit, i.e., less than 0.1 wt% Fe, 0.01 wt% Mn, 0.01 wt% Cr, 0.01 wt% V, 
0.03 wt% Ni, 0.01wt% Mo and 0.03wt% rare earth element, the said effect is not obtained. 
Therefore, it is desirable to use 0.01-0.5wt% Fe, 0.01~1.5wt% Mn, 0.01-0.6wt% Cr, 
0.01-0.5wt% V, 0.03-1. 0wt% Ni, 0.01-0.5wt% Mo and 0.03-2.0wt% rare earth element or 



5 



preferably 0.1~0.48wt% Fe, 0.1~1.0wt% Mn, 0.05~0.4wt% Cr, 0.05-0.3wt% V, 0.1-0.8wt% Ni, 
0.03~0.3wt% Mo and 0.05-1. 5wt% rare earth element. 

[0018] One or more selected from La, Ce, Pr, Nd, Sm, etc., can be used as rare earth element. 
The content of one rare earth element or total content of 2 or more of them should be 
0.03-2. 0wt%. The alloy comprising 2 or more rare earth elements, for example, the Mischmetal 
containing Ce and La as main constituents (normally, 45-5 0wt% Ce, 2040wt% La and the rest 
the other elements (Pr, Nd, Sm, etc.) can be used. Each one of the above-mentioned rare earth 
elements and the Mischmetal produce the same effect. However, as simple rare earth elements 
are costly, it is economical and advantageous to add them in the form of Mischmetal. 
[0019] Ti and B refine the texture and improve weldability of the alloy. However, if the Ti 
content is more than 0.2wt%, large crystalline mass may be formed and toughness, workability, 
corrosion resistance of the alloy may deteriorate. On the other hand, if the Ti content is less than 
0.005wt%, its effect is inadequate. Therefore, it is desirable to use 0. 005-0. 2wt% or preferably 
0.008— 0.1 wt% Ti. If the B content is more than 0.08wt%, toughness and workability of the alloy 
may deteriorate. Moreover, if it is less than 0.0001wt%, the crystal grains refining effect is less. 
Therefore, it is desirable to use 0.001-0.8wt% or preferably 0.005-0.01wt% B. 
[0020] Zr, Ti and B also improve weldability of the alloy. When Zr is added together with Sc. 
strength of the alloy is also improved. However, if the Zr content is more than 0.3wt%, strength, 
workability and corrosion resistance deteriorate. Therefore, it is desirable to use <0.3wt% Zr. 
When the Zr content is less than 0.03wt%, its effect is inadequate. Therefore, it is desirable to 
use 0.03-0.3wt% or preferably 0.05-0.25wt% Zr. 

[0021] Extrusion material, rolling material and forging material of the alloy of this invention can 
be produced by using the manufacturing methods and manufacturing conditions used for the 
production of the conventional Al-Mg-Si system alloys. Alloy of the invention can be used in 
buildings (pillar, beam, sash, etc.), construction (temporary material, arrows, planks, wale, 
railing, bridge, etc.), automobiles (planks in railway carriage, extruded shape, car planks, shape 
material, etc.), containers and pipes (general containers and pipes, containers and pipes for 
vacuum equipments, etc.), ships (upper structures, bisection, etc.), aircrafts (structural 
components, etc.), etc. Conventional fusion welding and pressure welding methods, for example, 
TIG welding, MIG welding, laser welding, electron beam welding, resistance-spot welding, seam 
welding, stud welding, high frequency welding, ultrasonic wave welding, etc., can be used as 
welding methods for the alloy of this invention. 
[0022] 
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[Execution Example] Execution example of the invention is explained. Alloys of the 
compositions given in Tables 1-10 (alloys of the invention Nos. 1-145, comparison alloys 
Nos. 146-1 87 and conventional alloys Nos. 188-1 90) were cast into ingots (9-inch diameter) for 
extrusion using semi-continuous water-cooled extrusion machine. Each obtained ingot was 
subjected to homogenisation treatment at 520-540°C for 8-12 hours, heated at 400-470°C and 
then extruded into 5mm thick and 100mm straight angle material. Extrusion was carried out at 
the highest extrusion speed (critical extrusion speed) so that no surface defects and cracks 
developed on the said straight angle material. Extrusion quality of each alloy was evaluated in 3 
grades (©, and X). The obtained results are given in Tables 11—17. The evaluation standards 
are given below. 

© o Extrusion speed is more than the critical extrusion speed of A6063 (28m/min). 

Extrusion speed is > critical extrusion speed of A6061 (18m/min) and < critical 
extrusion speed of A6063 (28m/min). 

X o o Extrusion speed is less than the critical extrusion speed of A6061 (18m/min). 
[0023] After extrusion, each material was subjected to solution annealing at 525°C for 1 hour, 
hardening and tempering at 200°C for 8 hours. The material obtained in this manner was 
subjected to tension test, welding crack test, micro-crack test and corrosion resistance test. The 
obtained results are given in Tables 1 1-17. The testing methods are given below. 



(1) Tension test 

(a) Test piece 

(b) Testing method 



: Test piece No. 5 of JIS Z 2201 

: Test in conformity to JIS Z 2241 using the Amsler universal 
testing machine 

: Tensile strength was determined and evaluated by the following 



(c) Observed value 



standards 



© o o Tensile strength >250N/mm 2 

Eg o Tensile strength 150N/mm 2 - 250N/mm 2 

X o o Tensile strength less than 150N/mm 



[0024] 



(2) Welding crack test 

(a) Test piece 

(b) Welding 



: Fish bone type test piece shown in Fig. 1 
: Welding method <=><=><=► jjq 



conditions 



Solubilizer ^ ^ not used 



Electrode o o o Cerium-containing W, 3.2mm((> 
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Welding current <=><*<=> 200A 
Arc voltage o o o 20V 
Welding speed <=><=><=> 30cm/min 
Argon gas flow rate <=> o 10-litre/min 
(c) Crack evaluation : Crack length was measured and evaluated by the following 

standards 

© o o Crack length less than 30mm 
fij <=> <=> Crack length 30mm ~ 50mm 
X <=><=> Crack length >50mm 



[0025] 

(3) Micro-welding crack test 

(a) Test piece : 5mm x 100mm x 100mm sheet 

(b) Welding : Welding method o o o TIG 
conditions Solubilizer o A5356BY, 3.2mm(j) 

Electrode o o o Cerium-containing W, 3.2mm(j) 
Welding current o o o 200A 
Arc voltage ooo 20V 
Welding speed <=><=><> 30cm/min 
Argon gas flow rate ooo 10-litre/min 

(c) Crack evaluation : Three sections on the welded part were polished and examined 

using metallurgical microscope to find out whether any micro-crack 

developed in the part affected by the welding heat or not. 

^ o o No micro-crack develops 

X o <=> One or more micro-cracks develop 



[0026] 

(4) Corrosion test 

(a) Test piece : 5mm x 60mm x 80mm sheet 

(b) Testing method : Salt spray test: In conformity to JIS Z 2371 

Testing solution: 5% NaCl 
Spray rate: 1— 2ml/80cm /h 
Spray temperature: 35°C 
Testing time: lOOOhours 

(c) Evaluation ^ o No corrosion 
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method 



X o ^ Corrosion takes place 



[0027] 



[Table 1] 



Class 


No. 


Chemical com 


position (wt%) 






Mg 


Si 


Sc 


Cu 


Ag 


Al 




1 


0.2 


0.15 


0.03 






Remainder 




2 


1.0 


0.15 


0.03 






Remainder 




3 


2.0 


0.15 


0.03 






Remainder 




4 


0.2 


0.7 


0.03 






Remainder 




5 


1.0 


0.7 


0.03 






Remainder 




6 


2.0 


0.7 


0.03 






Remainder 




7 


0.2 


1.5 


0.03 






Remainder 




8 


1.0 


1.5 


0.03 






Remainder 




9 


2.0 


1.5 


0.03 






Remainder 


A 1 lr*\/c r\~F 


10 


0.2 


0.15 


1.0 






Remainder 


11 


1.0 


0.15 


1.0 






Remainder 


this 

tl 11 o 


12 


2.0 


0.15 


1.0 






Remainder 


invention 


13 


0.2 


0.7 


1.0 






Remainder 




14 


1.0 


0.7 


1.0 






Remainder 




15 


2.0 


0.7 


1.0 






Remainder 




16 


0.2 


1.5 


1.0 






Remainder 




17 


1,0 


1.5 


1.0 






Remainder 




18 


2.0 


1.5 


1.0 






Remainder 




19 


0.2 


0.15 


3.0 






Remainder 




20 


1.0 


0.15 


3.0 






Remainder 




21 


2.0 


0.15 


3.0 






Remainder 




22 


0.2 


0.7 


3.0 






Remainder 




23 


1.0 


0.7 


3.0 






Remainder 




24 


2.0 


0.7 


3.0 






Remainder 




25 


0.2 


1.5 


3.0 






Remainder 




26 


1.0 


1.5 


3.0 






Remainder 




27 


2.0 


1.5 


3.0 






Remainder 




28 


1.0 


1.0 


1.0 


0.1 




Remainder 




29 


1.0 


1.0 


1.0 


0.5 




Remainder 




30 


1.0 


1.0 


1.0 


1.0 




Remainder 




31 


1.0 


1.0 


1.0 




0.05 


Remainder 




32 


1.0 


1.0 


1.0 




0.5 


Remainder 




33 


1.0 


1.0 


1.0 




1.0 


Remainder 




34 


1.0 


1.0 


1.0 


0.1 


0.05 


Remainder 




35 


1.0 


1.0 


1.0 


0.5 


0.5 


Remainder 




36 


1.0 


1.0 


1.0 


1.0 


1.0 


Remainder 



[0028] 
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[Table 2] 



No. 






Chemical composition (wt%) 


MM: Mischmetal 




Mg 


Si 




Cu 




Fe 


Mn 


Cr 


v 

¥ 


Ni 

x ^ x 


Mo 


MM 


37 


0.2 


0.15 


U.Uj 






0 01 

KJ.VJ 1 














38 


1 0 


1 0 


1 0 

1 .V/ 






0 25 

V . ^ -y 














39 


2.0 


1.5 


3 0 






0 5 














40 


0.2 


0.15 


0 0^ 
\j »yj j 








0 01 

vy .vy i 












41 


1.0 


1.0 


1 0 








0 5 

\y • «*y 












42 


2.0 


1.5 


3 0 








1 5 

x . »y 












43 


0.2 


0.15 


0 03 










0 01 

vy • vy x 










44 


1.0 


1.0 


1 0 










0 3 

vy . w> 










45 


2.0 


1.5 


3 0 

J .Vy 










0 6 

vy . vy 










46 


0 2 


0.15 


KJ.KJJ 












0 01 

v. \J x 








47 


1 0 


1 0 


1 0 












0 2 

vy 








48 


2.0 


1.5 


3 0 
_y . 












0 5 

vy . 








49 




0.15 


\J.\JJ 














0 05 

vy . vy ^y 






50 


1.0 


1.0 


1 0 














0 5 






51 


2.0 


1.5 


3 0 














1 0 






52 


0.2 


0.15 


0 03 
















0.01 




53 


1.0 


1.0 


1 0 
















0 2 




54 


2.0 


1.5 


3 0 
















0 5 




55 


0.2 


0.15 


0 03 


















0 05 


56 


1.0 


1.0 


1 0 


















1 0 

X • \J 


57 


2.0 


1.5 


3 0 

J . vy 


















2 0 


58 


0.2 


0.15 


0 03 


0 1 




0 01 

vy . vy x 














59 


1.0 


1.0 


1 0 

1 . vy 


0 5 

vy • — ' 




0 25 

vy • •j 














60 


2.0 


1.5 


3 0 

_/ . vy 


1 0 

X • Vy 




0 5 

vy . «y 














61 


2.0 


1.5 


3 0 


0 5 

vy . ~J 


0 5 


0 25 

vy • «y 














62 


0.2 


0.15 


0 03 




0 05 




0 01 

vy . vy x 












63 


1.0 


1.0 


1 0 

x . vy 




0 5 




0 5 

vy . 












64 


2.0 


1.5 


3 0 




1 0 

X . V/ 




1 5 












65 


2.0 


1.5 


3 0 


0.5 


0.5 




0.5 












66 


0.2 


0.15 


0.03 


0.1 








0.01 










67 


1.0 


1.0 


1.0 


0.5 








0.3 










68 


2.0 


1.5 


3.0 


1.0 








0.6 










69 


2.0 


1.5 


3.0 


0.5 


0.5 






0.3 










70 


0.2 


0.15 


0.03 




0.05 








0.01 








71 


1.0 


1.0 


1.0 




0.5 








0.2 








72 


2.0 


1.5 


3.0 




1.0 








0.5 








73 


2.0 


1.5 


3.0 


0.5 


0.5 








0.2 









Class: Alloys of this invention Al: Remainder 
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[Table 3] 



No 






Chemical composition (wt%) 




MM: Mischmetal 








Me 


Si 

X 






A o 


Ni 


1V1U 


lVi_LVl 


Ti 


B 


Zr 


74 


0 2 


0 15 


U.Uj 


U. 1 




U.UJ 














75 


1 0 


1 0 

X ■ V 


1 n 
I .u 


W.J 




U.J 














16 


2 0 


1 5 


J.U 


i n 

1 .u 




i c\ 














11 


2 0 


1 5 


J.U 


U.J 




U.J 














78 


0 2 


0 15 


ft rn 




ft OS 

v.V/ J 






0 01 










19 


1 0 

x • V 


1.0 


1 0 
i .u 










0 9 










80 


2 0 


1.5 


J .u 




1 0 
1 .u 
















81 

V_J X 


2 0 


1.5 


j .u 


U.J 


U.J 






0 9 










82 


0 2 


0 15 


U.Uj 


n 1 

U. 1 










U.U J 








83 


1 0 

X ■ \J 


1 0 

X • V/ 


1 .u 


U.J 










1 .u 








84 


2 0 


1 5 

X ■ 


J.U 


1 fi 


















85 


2 0 


1 5 


J.U 


U.J 


U.J 








1 0 
I .u 










0 2 


0 15 


U.Uj 














U.UUJ 






87 


1 0 


1 0 


1 n 

1 .U 














0 01 

U.U 1 






88 


2 0 


1 5 


j .u 














0 9 






89 


0 2 


0 15 


U.Uj 














U.UUJ 


0.0001 




90 


1 0 

X ■ V/ 


1 0 

X • w 


1 n 














U.U 1 


0.002 




91 

X 


2 0 


1 5 


J.U 














n 9 


0.08 




92 


0 2 


0 15 


U.Uj 


















0.03 


93 


1 0 


1 0 

X • \J 


1 n 

1 .u 


















0.13 


94 


2 0 

a* » vy 


1.5 


j .u 


















0.25 


95 


0 2 


0 15 




0 1 












0 005 






96 


1.0 


1.0 


1.0 


0.5 












0.01 






97 


2.0 


1.5 


3.0 


1.0 












0.2 






98 


0.2 


0.15 


0.03 




0.05 










0.005 


0.0001 




99 


1.0 


1.0 


1.0 




0.5 










0.01 


0.002 




100 


2.0 


1.5 


3.0 




1.0 










0.2 


0.08 




101 


0.2 


0.15 


0.03 


0.1 


0.05 














0.03 


102 


1.0 


1.0 


1.0 


0.5 


0.5 














0.13 


103 


2.0 


1.5 


3.0 


1.0 


1.0 














0.25 



Class: Alloys of this invention Al: Remainder 

[0030 

[Table 4] 



Class 


No. 


Chemical composition (wt%) 


Mg 


Si 


Sc 


Fe 


Mn 


Cr 


Ti 


B 


Zr 


Al 




104 


0.2 


0.15 


0.03 


0.01 






0.005 






Remainder 




105 


1.0 


1.0 


1.0 


0.25 






0.01 






Remainder 


Alloys of 


106 


2.0 


1.5 


3.0 


0.5 






0.2 






Remainder 


this 


107 


0.2 


0.15 


0.03 




0.01 




0.005 


0.0001 






invention 


108 


1.0 


1.0 


1.0 




0.5 




0.01 


0.002 








109 


2.0 


1.5 


3.0 




1.5 


0.01 


0.2 


0.08 








110 


0.2 


0.15 


0.03 






0.3 






0.03 


Remainder 




111 


1.0 


1.0 


1.0 






0.6 






0.13 


Remainder 




112 


2.0 


1.5 


3.0 












0.25 


Remainder 
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[Table 5] 



Class 


No. 






Chemical composition (wt%) 


MM: Mischmetal 








Mg 


Si 


Sc 


V 


Ni 


Mo 


MM 


Ti 


B 


Zr 


Al 




113 


0.2 


0.15 


0.03 


0.01 








0.005 






Remainder 




114 


1.0 


1.0 


1.0 


0.2 








0.01 






Remainder 




115 


2.0 


1.5 


3.0 


0.5 








0.2 






Remainder 


Alloys of 


116 


0.2 


0.15 


0.03 




0.05 






0.005 


0.0001 




Remainder 


this 


117 


1.0 


1.0 


1.0 




0.5 






0.01 


0.002 




Remainder 


invention 


118 


2.0 


1,5 


3.0 




1.0 






0.2 


0.08 




Remainder 




119 


0.2 


0.15 


0.03 






0.01 








0.03 


Remainder 




120 


1.0 


1.0 


1.0 






0.2 








0.13 


Remainder 




121 


2.0 


1,5 


3.0 






0.5 








0.25 


Remainder 




122 


0.2 


0.15 


0.03 








0.05 


0.005 


0.0001 




Remainder 




123 


1.0 


1.0 


1.0 








1.0 


0.01 


0.002 




Remainder 




124 


2.0 


1.5 


3.0 








2.0 


0.2 


0.08 




Remainder 



[0032] 
[Table 6] 



No. 


Chemical composition (wt%) 




Mg 


Si 


Sc 


Cu 


Ag 


Fe 


Mn 


Cr 


Ti 


B 


Zr 


125 


0.2 


0.15 


0.03 


0.1 




0.01 






0.005 






126 


1.0 


1.0 


1.0 


0.5 




0.25 






0.01 






127 


2.0 


1.5 


3.0 


1.0 




0.5 






0.2 






128 


0.2 


0.15 


0.03 




0.05 




0.01 




0.005 


0.0001 




129 


1.0 


1.0 


1.0 




0.5 




0.5 




0.01 


0.002 




130 


2.0 


1.5 


3.0 




1.0 




1.5 




0.2 


0.08 




131 


0.2 


0.15 


0.03 


0.1 


0.05 






0.01 






0.03 


132 


1.0 


1.0 


1.0 


0.5 


0.5 






0.3 






0.13 


133 


2.0 


1.5 


3.0 


1.0 


1.0 






0.6 






0.25 



Class: Alloys of this invention Al: Remainder 
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[Table 7] 



No. 






Chemical composition (wt%) 


MM: Mischmetal 






Mg 


Si 


Sc 


Cu 


Ag 


V 


Ni 


Mo 


MM 


Ti 


B 


Zr 


134 


0.2 


0.15 


0 03 


0 1 




0.01 


• 






0.005 






135 


1.0 


1.0 


1 0 


0 5 




0.2 








0.01 






136 


2.0 


1.5 


3 0 


1 0 




0.5 








0.2 






137 


0.2 


0.15 


0 03 




0.05 




0.05 






0.005 


0.0001 




138 


1.0 


1.0 


1.0 




0.5 




0.5 






0.01 


0.002 




139 


2.0 


1.5 


3.0 




1.0 




1.0 






0.2 


0.08 




140 


0.2 


0.15 


0.03 


0.1 


0.05 






0.01 








0.03 


141 


1.0 


1.0 


1.0 


0.5 


0.5 






0.2 








0.13 


142 


2.0 


1.5 


3.0 


1.0 


1.0 






0.5 








0.25 


143 


0.2 


0.15 


0 03 


0 1 


0.05 








0.05 


0.005 


0.0001 




144 


1.0 


1.0 


1.0 


0.5 


0.5 








1.0 


0.01 


0.002 




145 


2.0 


1.5 


3.0 


1.0 


1.0 








2.0 


0.2 


0.08 




146 


0.1 


1.0 


1.0 




















147 


3.0 


1.0 


1.0 




















148 


1.0 


0.1 


1.0 




















149 


1.0 


2.0 


1.0 




















150 


1.0 


1.0 


0.01 




















151 


1.0 


1.0 


4.0 




















152 


1.0 


1.0 


1.0 


2.0 


















153 


1.0 


1.0 


1.0 




2.0 

















Class: Alloys of this invention (Nos.134-145), Comparison alloys (Nos. 146-1 53), Al: Remainder 
[0034] 



[Table 8] 



No. 






Chemical composition (wt%) 


MM: Mischmetal 




Mg 


Si 


Sc 


Cu 


Ag 


Fe 


Mn 


Cr 


V 


Ni 


Mo 


MM 


154 


1.0 


1.0 


1.0 






1.0 














155 


1.0 


1.0 


1.0 








2.0 












156 


1.0 


1.0 


1.0 










1.0 










157 


1.0 


1.0 


1.0 












1.0 








158 


1.0 


1.0 


1.0 














2.0 






159 


1.0 


1.0 


1.0 
















1.0 




160 


1.0 


1.0 


1.0 


















3.0 


161 


1.0 


1.0 


1.0 


0.5 


0.5 


1.0 














162 


1.0 


1.0 


1.0 


0.5 


0.5 




2.0 












163 


1.0 


1.0 


1.0 


0.5 


0.5 






1.0 










164 


1.0 


1.0 


1.0 


0.5 


0.5 








1.0 








165 


1.0 


1.0 


1.0 


0.5 


0.5 










2.0 






166 


1.0 


1.0 


1.0 


0.5 


0.5 












1.0 




167 


1.0 


1.0 


1.0 


0.5 


0.5 














3.0 



Class: Comparison alloys Al: Remainder 
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[0036] 
[Table 10] 





No. 


Chemical com 


position (wt%) 


Mg 


Si 


Sc 


Cu 


Cr 


Al 


Conventional 
alloys 


188 


0.7 


0.4 








Remainder 


189 


1.0 


0.6 




0.25 


0.1 


Remainder 


190 


0.6 


0.7 




0.1 




Remainder 



No. 188 
[0037] [Table 11] 



A6063 



No. 189 



A6061 



No. 190 



: A6N01 



[Translator's Note: To accommodate English text in the table, the same abbreviations will be introduced and used in all the tables 
given below.] 

[Extr. Prop. = Extrusion property; Tens. Str Prop. = Tensile strength Property; Resit. Wei. Crk. = Resistance to welding cracks; 
Resit. Mcr-crk = Resistance to micro-cracks; Corr. Resit. = Corrosion resistance; Comb. Eval. = Combined evaluation; Ext. S. = 
Extrusion speed (m/min); Eval. = Evaluation; TS = Tensile strength (N/mm 2 ); CL = Crack length (mm); POC = Presence of 
cracks; CP = Presence of corrosion 



No. 


Extr. 


Prop. 


Tens. Str. Prop. 


Resit. WeL Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 




Ext. S 


Eval. 


TS 


Eval. 


CL 


Eval. 


POC 


Eval. 


CP 


Eval. 


Eval. 


1 


75 


© 


169 




38 


a 


No 




No 


El 


Ed 


2 


42 


© 


187 


a 


41 


Ed 


No 




No 


LA 


Ed 


3 


30 


© 


198 


Et 


45 


u 


No 




No 




Ed 


4 


74 


© 


206 


& 


35 


u 


No 


LA 


No 


LA 


Ed 


5 


40 


© 


215 




39 


El 


No 


El 


No 


El 


Ed 


6 


29 


© 


256 


© 


43 


El 


No 




No 




Ed 


7 


72 


© 


263 


© 


33 


d 


No 


u 


No 


LA 


^ | 


8 


39 


© 


272 


© 


37 


0 


No 


El 


No 


LA 


& 


9 


28 


© 


340 


© 


40 


El 


No 


d 


No 




LA 


10 


75 


© 


171 




33 


El 


No 


LA 


No 


El 


LA 


11 


42 


© 


190 




35 




No 




No 


LA 




12 


30 


© 


199 




39 


El 


No 


LA 


No 


El 




13 


74 


© 


207 


El 


29 


© 


No 


El 


No 


Ed 


ma 


14 


41 


© 


217 


El 


33 




No 


LA 


No 


a 


Ed 


15 


29 


© 


257 


© 


37 




No 


El 


No 


a 


Ed 


16 


73 


© 


265 


© 


27 


© 


No 


LA 


No 


a 


Ed 


17 


40 


© 


275 


© 


32 




No 


la 


No 


a 


Ed 


18 


28 


© 


341 


© 


35 


El 


No 


la 


No 


El 


Ed 


19 


74 


© 


173 




28 


© 


No 


la 


No 


El 


Ed 


20 


41 


© 


192 


El 


31 


LA 


No 




No 


a 


Ed 


21 


29 


© 


200 




33 




No 


El 


No 


El 


Ed 


22 


72 


© 


209 




24 


© 


No 


E3 


No 


Ed 


Ed 


23 


40 


© 


219 




30 


El 


No 




No 


El 


Ed 


24 


28 


© 


259 


© 


31 


El 


No 




No 


Ed 


Ed 


25 


72 


© 


268 


© 


21 


© 


No 




No 


a 


Ed 


26 


39 


© 


277 


© 


28 


© 


No 




No 


El 


Ed 


27 


27 




343 


© 


30 


LA 


No 


El 


No 


El 


Ed 


28 


38 


© 


301 


© 


33 




No 




No 


El 


El 


29 


35 


© 


329 


© 


38 




No 




No 


El 


Ed 


30 


32 


© 


365 


© 


40 


LA 


No 




No 


Ed 


Ed 


31 


39 


© 


275 


© 


28 


© 


No 




No 


Ed 


Ed 


32 


37 


© 


300 


© 


25 


© 


No 




No 


Ed 


Ed 
Ed 


33 


35 


© 


343 


© 


21 


© 


No 




No 


Ed 


34 


37 


© 


306 


© 


31 




No 


El 


No 


Ed 


Ed 


35 


33 


© 


335 


© 


36 


El 


No 




No 


Ed 


Ed 


36 


29 


© 


370 


© 


37 




No 


El 


No 


Ed 


Ed 



Class: Alloys of this invention 
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[0038] 
[Table 12] 



No. 


Extr. 


Prop. 


Tens. Str. Prop. 


Resit. Wei. Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 




Ext. S 


Eval. 


TS 


Eval. 


CL 


Eval. 


POC 


Eval. 


CP 


Eval. 


Eval 


37 


73 


© 


170 




37 




No 


Li 


No 


Li 


Li 


38 


38 


© 


220 


Li 


28 


© 


No 


Li 


No 


U 




39 


25 


Li 


345 


© 


25 


© 


No 


U 


No 


U 


Li 


40 


70 


© 


198 




38 


Li 


No 


Li 


No 


& 


Li 


41 


36 


© 


295 


© 


30 


ti 


No 


Li 


No 


Li 


Li 


42 


20 


Li 


358 


© 


29 


© 


No 


Li 


No 


Li 


Li 


43 


73 


© 


199 




37 


Li 


No 


Li 


No 


Li 


Li 


44 


37 


© 


312 


© 


30 


Li 


No 


Li 


No 


Li 


Li 


45 


24 




390 


© 


28 


© 


No 


Li 


No 


Li 


Li 


46 


73 


© 


197 




25 


© 


No 


Li 


No 


Li 


Li 


47 


37 


© 


290 


© 


23 


© 


No 


Li 


No 


Li 


& 


48 


25 


Li 


345 


© 


21 


© 


No 




No 


Li 


Li 


49 


72 


© 


185 


Li 


32 


Li 


No 


Li 


No 


Li 




50 


38 


© 


283 


© 


34 


Li 


No 


Li 


No 


Li 


LS 


51 


22 


L* 


333 


© 


38 


Li 


No 


Li 


No 


Li 


Li 


52 


72 


© 


188 




27 


© 


No 


si 


No 


Li 




53 


38 


© 


290 


© 


25 


© 


No 


Li 


No 


Li 


Li 


54 


22 


Li 


341 


© 


23 


© 


No 


Li 


No 


Li 


Li 


55 


72 


© 


205 


Li 


25 


© 


No 


Li 


No 


LJ 


Li 


56 


38 


© 


301 




20 


© 


No 


Li 


No 


Li 


Li 


57 


22 




355 


© 


17 


© 


No 


Li 


No 


Li 


Li 


58 


70 


© 


205 




42 




No 


Li 


No 


Li 


Li 


59 


35 


© 


329 


© 


35 


Li 


No 


Li 


No 


Li 


Li 


60 


21 




338 


© 


31 


Li 


No 


Li 


No 


Li 


Li 


61 


20 


ls 


342 


© 


28 


© 


No 


Li 


No 


Ed 


Li 


62 


67 


© 


206 


Li 


36 


Li 


No 


Li 


No 




Li 


63 


33 


© 


331 


© 


27 


© 


No 


Li 


No 


& 


Li 


64 


19 




341 


© 


23 


© 


No 


L! 


No 


& 


Li 


65 


18 




345 


© 


25 


© 


No 




No 


& 




66 


70 


© 


206 


Li 


40 


Li 


No 


Li 


No 


& 




67 


34 


© 


346 


© 


35 


Li 


No 


Li 


No 


& 


& 


68 


21 




460 


© 


32 




No 


Li 


No 






69 


20 


L* 


465 


© 


28 


© 


No 


Li 


No 


Li 


Li 


70 


70 


© 


205 




20 


© 


No 


Li 


No 


Li 


Li 


71 


34 


© 


330 


© 


15 


© 


No 


Li 


No 




Li 


72 


22 




336 


© 


11 


© 


No 




No 


Li 


Li 


73 


21 




340 


© 


15 


© 


No 


Li 


No 


Li 


Li 



Class: Alloys of this invention 
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[Table 13] 



No. 


Extr. 


Prop. 


Tens. Str. Prop. 


Resit. Wei. Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 




Ext. S 


Eval. 


TS 


EvaL 


CL 


Eval. 


POC 


Eval. 


CP 


EvaL 


Eval 


74 


69 


© 


207 


Ed 


35 


Ed 


No 


Ed 


No 


cd 


HI 


75 


33 


© 


331 


© 


41 


Ed 


No 


fid 


No 


Ed 




76 


21 


Ed 


337 


© 


46 


cd 


No 


Ed 


No 


Ed 


& 


77 


20 


Ed 


342 


© 


44 


Ed 


No 


fid 


No 


cd 


Hi 


78 


70 


© 


206 


Ed 


25 


© 


No 


fid 


No 


cd 


a 


79 


36 


© 


332 


© 


21 


© 


No 


cd 


No 


Ed 


Hi 


80 


20 


Ed 


342 


© 


10 


© 


No 


fid 


No 


Ed 


a 


81 


18 


Ed 


346 


© 


15 


© 


No 


Ed 


No 


Ed 


hi 


82 


69 


© 


210 


fid 


22 


© 


No 


Ed 


No 


Ed 




83 


35 


© 


335 


© 


18 


© 


No 




No 


Ed 




84 


20 




345 


© 


17 


© 


No 


Gd 


No 


Ed 




85 


18 




350 


© 


12 


© 


No 


Ed 


No 


Ed 


hi 


86 


75 


© 


170 




35 


Ed 


No 


Ed 


No 


Ed 




87 


40 


© 


218 




25 


© 


No 


Ed 


No 


Ed 


H 


88 


26 


Ed 


343 


© 


22 


© 


No 


fid 


No 


Ed 


Hi 


89 


75 


© 


171 




32 


Gd 


No 


Ed 


No 


Ed 


Hi 


90 


40 


© 


218 


Ed 


23 


© 


No 


Ed 


No 




Hi 


91 


26 


Ed 


344 


© 


20 


© 


No 


£d 


No 


HI 


HI 


92 


75 


© 


172 


fid 


31 


Ed 


No 


Ed 


No 


US 


Hi 


93 


39 


© 


219 


Ed 


24 


© 


No 


Ed 


No 


us 




94 


25 


Ed 


345 


© 


21 


© 


No 


Ed 


No 






95 


72 


© 


204 


fid 


• 35 


fid 


No 


Ed 


No 


HI 




96 


35 


© 


330 


© 


34 


fid 


No 


Ed 


No 


HI 




97 


21 


Ed 


340 


© 


33 


Ed 


No 


Ed 


No 




Hi 


98 


73 


© 


210 


Ed 


25 


© 


No 


Ed 


No 


Hi 


Hi 


99 


34 


© 


302 


© 


20 


© 


No 


Ed 


No 


a 


Hi 


100 


23 


Ed 


341 


© 


10 


© 


No 


Ed 


No 


a 


Hi 


101 


71 


© 


212 


Ed 


30 


Ed 


No 


Ed 


No 


hi 


Hi 


102 


33 


© 


332 


© 


28 


© 


No 


Ed 


No 


hi 


Hi 


103 


19 


Ed 


345 


© 


27 


© 


No 


Ed 


No 


Hi 


Hi 


104 


73 


© 


171 


Ed 


32 


Ed 


No 


Ed 


No 


a 


^ 


105 


37 


© 


222 


Ed 


22 


© 


No 


Ed 


No 


a 


Hi 


106 


25 


Ed 


346 


© 


21 


© 


No 


Ed 


No 


hi 





Class: Alloys of this invention 
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No. 


Extr. 


Prop. 


Tens. Str. Prop. 


Resit. Wei. Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 




Ext S 


Eval. 




Fval 


CL 


Eval 

T til . 


POC 


Eval 


CP 


Eval. 


Eval 


107 


71 


© 






35 


la 


No 


LA 


No 


LA 


mt 


108 


35 


© 


907 






© 


No 


mi 


No 


& 


at 


109 


20 


LA 


160 


vis' 


94 


VB/ 


No 


mmm 


No 


LA 


mt 


110 


73 


© 


900 


L4 

til 


19 


L4 


No 


mmJ 


No 

X> KJ 


LA 


a 


111 


36 


© 


313 


© 


26 

Am* vy 


© 


No 

At ~ 


Li 


No 


LA 


mt 


112 


23 


LA 


391 


© 


22 

Am* Am* 


© 


No 


m 


No 

A. n \*y 


& 


mt 


113 


72 


© 




BBS 


91 


(c) 


No 


LA 


No 


LA 


mt 


114 


37 


© 


901 




1 8 

A O 


(c) 


No 


LA 


No 


LA 


mt 


115 


25 


LA 


946 


la 


1 <5 

X J 


VS5' 


No 

X H KJ 


ni 


No 


LA 


mt 


116 


71 


© 


1 ou 


LA 

mmt 


28 




No 

X ^ KJ 


LA 


No 




a 


117 


38 


© 


284 


© 


30 




No 


LA 


No 

X ^ V 


LA 


mt 


118 


21 


LA 


j jj 


vis' 


35 




No 


LA 


No 

X N \*7 


& 


Gt 


119 


71 


© 


1 00 


LI 


95 


(5) 


No 


ni 

mmm 


No 


lit 

mmm 


mt 


120 


37 


© 


901 




24 




No 


LA 

mmm 


No 


Hi 


mt 


121 


21 


LA 


141 




22 


viz 


No 

X X KJ 


MM 


No 




mt 


122 


71 


© 


207 




20 




No 


LA 


No 

X N \J 


LA 


mt 


123 


37 


© 


109 






v»/ 


No 

AN u 


LA 


No 

AN KJ 


LA 

mmm 


mt 


124 


21 


LA 


JjD / 




1 1 




IN %J 


■■3 


ANU 


LA 

mmm 


mt 


125 

x. ^— -*j 


70 


© 


906 




40 


mmm 


"No 

1NU 




IN KJ 


LA 

mmm 


mt 


126 


35 


© 


110 




11 


m\ 

mmm 


No 




No 

1 > v/ 


LA 

•mmmW 


mt 


127 


20 


LA 


140 




28 




No 




No 

X N KJ 


LA 


mt 


128 


66 


© 


907 


LA 

mmm 


15 


Lj 


No 


LA 

mmm 


No 

X N KJ 


Hi 


mt 


129 


32 


© 


111 




99 


\is/ 


No 


LA 

MB 


No 


mmm 


mt 


130 


19 


Li 


149 


vis/ 


90 


(5) 


No 

AN KJ 


Li 

mmm 


No 

X N KJ 


LA 


a 


131 


69 


© 


207 


si 

Ml 


18 

-/ o 


El 


No 


\m\ 

mmmmm\ 


No 

X ™ KJ 


LA 


mt 


132 


34 


© 


346 


© 


34 


Ed 


No 


LS 


No 




mt 


133 


20 




461 


© 


30 




No 




No 


Li 


mt 


134 


70 


© 


207 




19 


© 


No 




No 


mt 


mt 


135 


33 


© 


331 


© 


10 


© 


No 




No 


ei 


mt 


136 


20 


Si 


337 


© 


7 


© 


No 




No 


mt 


mt 


137 


68 


© 


208 




33 


at 


No 




No 


u 


mt 


139 


32 


© 


332 


© 


39 


mt 


No 


a 


No 


mt 


mt 


139 


20 


LA 


338 


© 


40 




No 


a 


No 


ht 


at 



Class: Alloys of this invention 



[0041] 
[Table 15] 



No. 


Extr. Prop. 


Tens. Str. Prop. 


Resit. Wei. Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 




Ext. S Eval. 


TS Eval. 


CL Eval. 


POC Eval. 


CP Eval. 


Eval 



18 



140 


69 


1 © 


207 




23 


© 


No 




No 


Ed 


Hi 


141 


35 


© 


333 


© 


18 


© 


No 


Ed 


No 


Ed 


Li 


142 


20 


fid 


344 


© 


5 


© 


No 


Ed 


No 


Ed 




143 


68 


© 


212 




20 


© 


No 


Li 


No 


Ed 


Ed 


144 


35 


© 


336 


© 


16 


© 


No 


Ed 


No 




Ed 


145 


18 




347 


© 


12 


© 


No 




No 


Ed 


Ed 


146 


75 


© 


145 


X 


64 


X 


Yes 


X 


No 


Ed 


x 


147 


16 


x 


313 


© 


43 


Ed 


Yes 


X 


Yes 


X 


X 


148 


50 


© 


147 


X 


60 


X 


No 




No 


Ed 


X 


149 


17 


X 


399 


© 


40 


CJ 


Yes 


X 


Yes 


X 


X 


150 


43 


© 


143 


X 


55 


X 


Yes 


X 


No 


fid 


X 


151 


17 


X 


440 


© 


35 


Ed 


No 




Yes 


X 


X 


152 


15 


X 


435 


© 


65 


X 


Yes 


X 


Yes 


X 


X 


153 


16 


X 


430 


© 


55 


X 


No 




No 


& 


X 


154 


17 

A I 


X 

-A A. 


225 




25 


© 


Yes 


x 

A 


Yes 


x 


x 

A V. 


155 


13 


X 


300 


© 


28 


© 


Yes 


X 


Yes 


X 


X 


156 

A w/ XA 


15 


X 


321 


© 


22 


© 


Yes 


X 


Yes 


X 


X 


157 


16 

A VA 


x 


295 


© 


20 


© I 


No 


Ed 


Yes 


x 

A A- 


X 


158 


14 


x 


290 


© 


51 


X 


Yes 


X 


Yes 


x 


x 


159 


14 

A ■ 


x 

A A. 


293 


© 


22 


© 


Yes 

A. kJ 


x 

A ^ 


Yes 

A. XV kA 


X 


x 

A A. 


160 


16 

A \y 


x 

-A ^ 


310 

*A A V 


© 


14 

A ■ 


© 


No 

A l XA 


Eid 


Yes 

A. X/U 


x 


x 

A m. 


161 


13 


X 

A V, 


330 


© 


27 

An* 1 


© 


Yes 

A W kA 


x 


Yes 


X 


x 

A A. 


162 


10 


X 


333 


© 


31 




Yes 


X 


Yes 


x 


x 


163 


11 


X 


356 


© 


25 


© 


Yes 


X 


Yes 


x 


x 


164 


12 


X 


332 


© 


25 


© 


No 




Yes 

A WO 


x 

A A. 


X 

A >. 


165 


10 


X 


335 


© 


53 


X 


Yes 


X 


Yes 


x 


x 


166 


10 


X 


336 


© 


23 


© 


Yes 


x 


Yes 


X 


x 


167 


11 


X 


338 


© 


20 


© 


No 




Yes 


X 


X 


168 


70 


© 


172 


Ed 


34 


Ed 


Yes 


X 


Yes 


X 


X 


169 


39 


© 


219 




22 


© 


Yes 


X 


Yes 


X 


X 


170 


26 


Ed 


344 


© 


19 


© 


Yes 


X 


Yes 


X 


X 


171 


65 


© 


205 


Ed 


33 


Ed 


Yes 


X 


Yes 


X 


X 


172 


33 


© 


332 


© 


20 


© 


Yes 


X 


Yes 


X 


X 


173 


20 




341 


© 


18 


© 


Yes 


X 


Yes 


X 


X 



Class: Alloys of this invention (Nos.l40~160), Comparison alloys (Nos.168—173) 



[0042] 



[Table 1 6] 



No. 


Extr. 


Prop. 


Tens. Str. Prop. 


Resit. Wei. Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 
Eval 


Ext. S 


Eval. 


TS 


Eval. 


CL 


Eval. 


POC 


Eval. 


CP 


Eval. 


174 


36 


© 


223 


Ed 


21 


© 


Yes 


X 


Yes 


X 


X 


175 


33 


© 


298 


© 


24 


© 


Yes 


X 


Yes 


X 


X 


176 


32 


© 


314 


© 


24 


© 


Yes 


X 


Yes 


X 


X 



19 



Ill 


36 


© 


292 


© 


17 


© 


No 


Ed 


Yes 


X 


X 


178 


35 


© 


285 


© 


30 




Yes 


X 


Yes 


X 


X 


179 


32 


© 


292 


© 


' 23 


© 


Yes 


X 


Yes 


x 


X 


180 


30 


© 


303 


© 


14 


© 


No 


Ed 


Yes 


x 


x 


181 


31 


© 


331 


© 


20 


© 


Yes 


X 


Yes 


X 


X 


182 


28 




335 


© 


23 


© 


Yes 


X 


Yes 


X 


X 


183 


27 




340 


© 


22 


© 


Yes 


X 


Yes 


X 


X 


184 


30 


© 


332 


© 


17 


© 


No 


Ed 


Yes 


X 


X 


185 


29 


© 


335 


© 


29 


© 


Yes 


X 


Yes 


X 


X 


186 


29 


© 


332 


© 


23 


© 


Yes 


X 


Yes 


X 


X 


187 


25 




334 


© 


13 


© 


No 


L4 


Yes 


X 


X 



Class: Comparison alloys 



[0043] 



[Table 17] 



No. 


Extr. 


Prop. 


Tens. Str. Prop. 


Resit. Wei. Crk. 


Resit. Mcr-crk. 


Corr. Resit. 


Comb. 
Eval 


Ext. S 


Eval. 


TS 


EvaL 


CL 


Eval. 


POC 


Eval. 


CP 


Eval. 


188 


28 


© 


230 


U 


65 


X 


Yes 


X 


No 


El 


X 


189 


18 


Ed 


308 


© 


50 


X 


Yes 


X 


No 


cd 


X 


190 


21 




276 


© 


56 


X 


Yes 


X 


No 


Ed 


X 



Class: Conventional alloys No. 188: A6063 



No. 189: A6061 
No. 190: A6N01 



[0044] It is clear from the data given in Tables 11-15 that each of the new alloys Nos. 1-145 
has excellent extrusion workability, strength, weldability and corrosion resistance. On the other 
hand, it is clear from the data given in Tables 15 ~ 17 that the comparison alloys Nos.146 ~ 187 
and the conventional alloys Nos.188 - 190 are inferior with respect to any of the above- 
mentioned characteristics. 
[0045] 

[Result of the Invention] The Al alloys of the invention usable in welding structures have 
excellent weldability and same or better workability, strength, corrosion resistance in comparison 
to the conventional Al-Mg-Si system alloys and have significant industrial applications. 
[Simple Explanation of the Figure] 

[Fig. 1] Plane diagram showing shape of the test piece having fish-bone type cracks (after 
welding) 

1 . The test piece having fish-bone type cracks 

1 a. Welding beads 

lb. Welding crack 

lc. Crack length 

Id. Welding direction 
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Depth of cut 



Fig. 1 
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5—1. 5*4%. ScO. 0 3 — 3. 0*4%£#W 

£^fc-r&?ggM4fc&*x*; A 1 -Mg - S i 3&£ 0 
[ff^2] MgO. 2—2. Offl%. SiO. 1 
5 — 1. 5*4%. ScO. 0 3—3. 0*4%£-£-^f 

u cui. o*4%ot. Agi. o*4%« 
± T/?F*r&mm» t>%&zt£mwtt -tsmm&tzgt 

tltzA 1 -M g - S i 

[ffi^3S3] MgO. 2 — 2. 0*4%. SiO. 1 
5—1. 5*4%. ScO. 0 3 — 3. Ofl%»^ 
L. FeO. 5*4%fcTF. Mnl. 5*4%& 

T, CrO. 6*1%£TF. VO. 5*4%WT. N 
i 1. Ott%£lT\ MoO. 5*4%WT. m±mjt 

*2. oii»%tJiTo3*>^<^t, ia£-£-3ru a 
t -ra Mmmz&tLtzA i - m g - s i 

[ff^4] MgO. 2— 2. 0*4%. SiO. 1 
5—1. 5*4%. ScO. 0 3 — 3. 0£4%Sr#W 
U C u 1 . 0*4%JiTF. Ag 1 . 0*4%&TOd 
bh lSSr^WL. FeO. 5*4%& 

~F. Mnl. 5*4%JjrF. CrO. 6*4%Ul 
T, VO. 5*4%mT. Nil. 011%OT. M 
oO. 5*4%WT. ^&±^7C«2. 0*4%tTF<Od 

i -Mg-Si^l 

[ff^Jl5] MgO. 2 — 2. 011%, SiO. 1 

5—i. 5*4%. sco. 0 3—3. o*4%£-§-3r 

L . TiO. 2*4%OT. BO. 0 8*4%^ 

T, ZrO. 3n&%HkTe>oh'J?%< bi> lmtr-k 

4S«ttCtt*l7fcA 1 -M g - S i 
UtSTM6] MgO. 2 — 2. 0*4%. SiO. 1 
5 — 1. 5*4%. ScO. 0 3 — 3. 0*4%£-£qT 
L . Cu 1 . 0S4%OT. Ag 1 . 0*4%1U 

T<0d*>^-3r<i:*> lSSr-S-qfi-L. Ti 0. 2* 

4%WT. BO. 0 8il%aT. ZrO. 3*4'%kl 

TtA I -Mg-S 

[ft^7] MgO. 2 — 2. 0*4%. SiO. 1 
5 — 1. 5*4%. ScO. 03 — 3. 0*4%$-^ 
L. FeO. 5*4%JilT. Mnl. 5*4%tlT. C 
r 0 . 6*4%liLT. VO . 5*4%WT. Nil. 
0*4%WT. MoO. 5*4%JilT. %i±mjvm 2 . 
0*4%OT^> r>-h'J?tc< ti>im*tt U T 
iO. 2*4%WT. BO. 0 8*4%WT. ZrO. 



3*4%WT03 *>^=5r< b fc 1 afc-tv*. S^T/US 

SftSfcrffiflfc A 1 -M g - S i 
[fi:£JS8] MgO. 2—2. 0*4%. SiO. 1 
5 — 1. 5*4%. ScO. 0 3 — 3. 0*4%£-£W 

L. Cul. 0*4%JilT. Agl. omm%uxT<vo 

b i> lSar-t-^L. FeO. 5fi4%iil 

T. Mnl. 5*4%&T. CrO. 6*4%felT. V 
0 . 5*4%&T. Nil. 0*4%liTF. MoO. 
5 *4% JilT . 5k±M7m 2 . 0 *4%JitT <9 o 
<i:t>ia$r^L. TiO. 2*4%feTF. B 

0. 0 8*4%iiTF. ZrO. 3ll%Ji(T(?)H^ 

m>t>%& -r t zimt^&mmmzmivtzA 1 -m s 

Si ^Vt^oiio 
[000 1] 

[-smjbofijffl^-s] mm. warn, mm. 
tft Lxm^mmnzm^^n.^ 1 5 0N/my vit 

c03l3g3S$£3rr&4«3&gA i -Ms-s'iWriuk— 

^^Mzmth i>cr>X'foh . 
[000 2] 

[t**og«] js^. mw. flsw, msasmzis 
z\tLt><7)mmztt-t&T)i>$i—Tyj»-&&bLTnz. 

JISCOA606 1. A60 6 3. A6N0 1fOAl 
- M g - S i m-&-&tf^t t>tlTZtl. 
[0003] 

[fiWW&Lcfcpfc-r&tSII] L^L. A606 1. 
A6063. A6N0 1 ^<0A 1 -Mg-S i 

mm<Dm^hit) izx^rmmLXobLfz*). m 
[0004] #f&Bjjfi. ±ie^.t=ii*s^ «irt<o^ 

ta!3lW A 1-Mg-Si ^^tt^fcrtJttS . ftjg 
^ ogiJiio^SSrl^-f-S^^-C*^: < . 1 5 0 

fc, EE. ^t^jQXtttCgfLS A 1 -Mg- 



(3) #1^9-2 7 9 28 0 



S i m& Ltz t (DX'h h ♦ 

[ooo5]gp*>. *m&&mi comma, m g o . 2 

— 2. Ofi*%. SiO. 15-1. 5MM%. Sc 
0. 0 3-3. OMi%£#WU £6357*^5 ->>Ai> 

i tf^*T*&Nj*»4>$-4 «r t iwat -r *$& it (eft 

tit: a 1 — Mg — s i av££-e&& . 

[0006] tfc, *mm$.m2 co^mi . Mgo. 2 

-2. 011%. SiO. 15—1. 511%, Sc 
0. 0 3 — 3. Ofi*%Sr#^rL. Cul. OS 

1WT. A g 1 . 011%OT<0 o b 1 1 m 

i»c t ztrnt-tz mmmzmifz a 1 -m s - s i & 

[ 0 0 0 7 ] £fc N *HSIWl^3<0fMB«. M g 0 . 2 
-2. 0**%, SiO. 15—1. 511%. Sc 
0. 03-3. Ofift%£g-3rU FeO. 5* 

l°ofcTF, Mn 1 . 5ai%lTr\ C r 0 . 611%Jil 
T. V 0 . 5ll%kTr\ Nil. OM%&T, Mo 

o.5 a«%WT , ^±mjtm 2 . o ms%vxfcr> ? *> 
®.*mtyfrhtchztzmwit^hmgmzmvtzA i 

-Mg-S i%fe&Ci>&. 

[00 OS] 3MKt^H4f55MH»i, MgO. 2 
-2. 011%. SiO. 15—1. 511%, Sc 

o. 0 3-3. ofi*%£-i-3ru cui. on%w 

T. A g 1 . 011%mT<0 d *>^3r< fc 1 mztt 

FeO. 5fi«%J3l"r\ Mnl. 5fg°^J 
T. CrO. 6SM%mT. VO. 5ll%mT. Ni 
1 . OSMVTF. MoO. 5M%J2Tr\ #±S7C#g 
2. Qmm.°6lXF<7)o-h'J?%<kl> l«*-frtrU 

WStStttcfiii^A 1 - M g - S i 
[0009] £*: . *P.IS*Ji5^HJ(i. MgO. 2 
-2. 011%. SiO. 15—1. 511%. Sc 
0. 0 3 — 3. Oll%mL. TiO. 2fi 

l°oWT. BO. OSMM%lTF. ZrO. 311%iiL 
T<?>0 <b L lim. agCT^S-^AfcJ; 

£A 1 -Mg-S iM&ATht. 

[00 1 0] itl. *Plf*3l6^BJ{i. MgO. 2 
-2. 011%. SiO. 15-1. 511%, Sc 
0. 0 3 — 3. OH%£-£WL. #>o. Cul. 01 

fi°oWT, a g i . oh%ot<o o ttii 

Sr^WU Ti 0. 2M%kTF. BO. 081 

a°otiT, zro. 3a*%jaT^a*>^<i:t ia 
- 1 zumt^&mmmzffixKA i-ms-sji^ 

[00 11] ttz. *mH#m7 <0$mii. MgO. 2 

— 2. 011%. SiO. 15—1. 511%. Sc 



0. 0 3-3- 0H%Sr-g-3rU FeO. 511%K1 
T, Mnl. 5Sl%JiTF. CrO. 611%IirF. V 
0. 5H%JiTF. Nil. Oli%m~F. MoO. 
511%&T. #±^7cS2. OSl%fcnW*>iJ*k 

< 1 1 18 U TiO. 21i%IiTF. B 
0. 0 8ll%JiTF. ZrO. 3 H%UTFO o 

< b {> l«£-lr^. »«Trt'$-*AfcJ:iPFWF« 

m>t>*&zt*imb't&t8m&iizmitiA 1 -m s 

- S i 3k&&X'3b & . 

[0012] #IIfl!;fcJl8<0%BJltt. M g 0 . 2 

— 2. 011%. SiO. 15—1. 511%. Sc 

0. 0 3—3. oa»%£^ru cui. on%ti 
t, Agi. QnaxviTcryo bh iasr#^r 

L. FeO. 5H%mT. Mnl. 511%fel 

T, CrO. 6fi*%WT. VO. 5Sl%trF. Ni 

1. OfiA%irr\ MoO. 511%&T. 3&iJl7cS 
2 . Ofi*%£JlTc7>d *>^< ttl «£#WU 

0. TiO. 211%irr". BO. 0 811%1:TF. Z 
r 0 . 3li%irRD -3 *>^=Sr< i: 1 1 a?r#^. MgS 

•thmmmzmttzA i-ms-si *&a-c*« . 

[00 13] 

[f^ffl] UTF. 3ffig|^^)»jetttcfttufeA l-Mg- 

[0 0 14]MgliSi<7)#ST'Mg 2 S i JML, 
S-^-L. 1 5 0N/mm ! VAh^m&ZZiWzMz 

JPltt. lf^14^-ft-r^. Vt^X. Mg(40. 2- 

2. Ofii^i:-^^^'. S&*F£U^ffif±0. 4- 

1. 6M*%-CS>^. Sili, MgtMg 2 SiJM 

B^H-fkit^^W-r^. fete: S i \&&-&crm$m 

1.1Z&5-L, 15 0N/mm! J2LL<D3l3g3S$ 

^{i^IX^T7C^T-S>^. Sifr'O. 1 511%*I 
T'{i+:8-&3£&#f#£ivf. l- 5S*%^@i.l»h^ 

sit. m&&t&steth. m^x. smo. i5- 

1. 5MM.%b-thi}K M;i>1&&L^fflmiZ0. 2 — 
1. 3fil%-e*>^. Sett, *^A<0W»«fWfLttSr 

esj#-f-€.^tctt^r^7cST'S>i>. ifc, seas 
si*i±{cts^--ri>. sca>'o. 0 3as%*^-c-tt^ 

c7)^*^ : Sr<. 3. 011%S:iiTtt§tSi:S 
Jg. l}lHL\i£gitZ-tt Vt-oX. Sett 
0. 03-3. Ofc-T§#\ «t,»*L^KHtt. 0. 
1—2. 5M%T'£>.g>. 

[0015] C utt^^[6j±$-frl»^m*^^*n . 

Cuttl. Ofii%mTi:-r^. CuliO. 1 ffi 
%*?iTtt - t <7>%}%kifi'J?tc \\ C u t $f * L V 
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{4. o. lo-o. im&xxhh. 

[0016] Agtemm&zmmz\iii±.zit&%)My!fi 

h. m^x. Asm. omm%&Tt-?&. a s i$ 

M£ LuiEBI4. 0. 0 5—0. 7MM%X'$>&. 
[0017] Fe, Mn, Cr, V, Ni, MoRXfft 

*^0. ia*^(i2ffltLh^irr.&. U>>U Fe : 
0. 511%, Mn : 1 . 511%. C r : 0. 611 
V V : 0. 5fil%. N i : 1 . 0*4%. Mo : 
0. 511%. %±Mjcm: 2. QnM%ZMz.X-k^ 

0. 5fig%klT. Mn : 1. 5fii%UnF. C 
0. 6fiS%mT. V: 0. 511%&T. Ni : 
0li%fcTF. Mo : 0. 511%mT. ^±«7C 
2. 0Mfi%mTi:^-|»„ fiU -ir^Ti** Fe : 



r 

1 

ft 
0 
r 

i 



0 111 
0.01 



Mn : 0. 0 IS 
m. V : 0. 0 1 



%$m. c 



0. 0 311%*i1f. Mo : 0. 0 lll%5fa1f. 

%±w,im : o . o 3MM%*iS-c«±iea^'asvK 

figot. FeliO. 0 1 — 0. 511%. MnliO. 0 
1-1. 511%, CrliO. 01—0. 614%. V 
(40. 01-0. 511%. NiliO. 03 — 1. 01 

i%. mo(±o. oi—o. 511%. m±mmo. 

03-2. 0 
14. F e : 0 
1 • 0 11°. 
0. 0 5-0 
"o. Mo : 0 
0 5-1. 51 



1-0. 4 811%. Mn : 0. 1 



C r : 0. 0 5 — 0. 411%, V 
N i : 0. 1—0. 8* 



OS 
'Ox 



0 3-0. 3*4%, 35±mm : 0. 

&°oX'fo&. 

[00 18] M. %±mjcmt LTI4, La. Ce, P 
r. Nd. Sm#c7)ei*>lffii^:(i2atU:SrfflV>S<r 

dii^<^o*>^^-rii*»ifflc7)a, $>&\m 

2WXkW&3tm.WO. 0 3 — 2. 011%<O^ffl|*J-e 
AiKfiK, Ziie><D-ji? 2 mmkXkZ t LX 

14. «iKe, LaJ-M^tnS-yy^^ 
(ilSCe 4 5-5 011%. La20MOll%, 
^^<7}flM^#±3SrcS ( P r . Nd. Smf) 

#±^7C*#«sT'(ii« fif -C'S> 0 . 5 •/ 
j.^ r?/l t L T^Jn-r^^r^arWtcWjfiJT'fei. . 
[ 0 0 1 9 ] T i , B(4. ffl^£S&$tfkL. jff«H£ 
£ft±£ii-£7cS-e£>&. L#*L. TU4. 0. 211 

%sSi.^tgM^)«4L. ?84£. Jnxtt. 

tta^-fM-Sfcflfttt* 1 **. £/c. T U40 . 0051 
M%*mXW<?>%)%:ifi'J?%\<^. ftoT. Till 0. 
0 0 5-0. 211%*SSS fitML^S 



<4. 0. 0 0 8—0. lH%-e£>&<. Bi4. 0. 0 8 
ll%££I;iT-3-*$*U>i:. SJtt. jQXte£;£-fL$-£ 
hfctikffifoh. ifc, BI40. 0 0 0 1 fii%5fa1!T« 

musmmik0jiM&&&\\ m^x. b*4. o. oo 

0 1-0. 0 8MR%J)mt Lutf. Ai«F^ U*SH 
(40. 000 5 — 0. 0 11i%T'£>&. 

[0020] Zrli Ti, B t PWICS if tt£flLi:$ 

J £Z>jmX'h&. II:, ZHiScfc-fttcm&irr&i 

r#0. 3fi»^*«i4fc5ME. JDXtt. BWM£0% 

i-Jt, Zrlio. 311%fcrF£-rs. 2 

fc* Zrli, 0. 0 3ai%*<p|TW^m^^V^ 
0. 0 3-0. 31fi%&sJirr.2>c7)#aifeU^ 
fii£?iU^B(4. 0. 0 5—0. 2 511%t 

[0021] *fKB^o, if dm. «f*. £§it# 

14. ta!3ft<7)A 1 -Mg-S i^^com^XM. Mis 

fc- 1. mm. mm) . (^mmmmm ■ nmm 
mm. >—Awm. x; 7 Hig. mmm%m. mu%i 

[0022] 

imMM] mz^may- mmmiz-ouxmw't&. m 

1 — ^ 1 0 (^-Tffli&cO-gi-A ( ^^bj^n o . 1 — 1 

4 5.Jti^^No. 1 46— 1 87. tiJ;ZSm&£& 
No. 18 8-190) £-^jif!*^il^lSSrfflV» 

t. w&mmm {9^>^m nzmtLti. zcommz 

5 2 0—5 4 0'CT'8— 1 2B#ra%«^a L?tf*. 4 
0 0— 4 7 0'acMfcL. -eil-FttIS$5mm. igl 0 
OmmcO^WctftilLTt:. WltiMJL-th^LX . m 

SS:©. O. xo3g|^T*fFWL. -e^^^^l 1 — 
ill 7^L7t„ fFflffi»{4TI5<7)a 0 & . 

• if iU^S^'A 6 0 6 3<0RSI!4f Jiiag (2 8m/ 
m i n ) 

• WtHmm^A 6 0 6 1 cDdl'Mfjis&jg (18m/ 
n ) £LhT\ A 6 0 6 3coRB^#aij^JilT. 

• if ajsjg^'A 6 0 6 1 coRg^if aiajg*^. 
[0023] 3-*^*mi4if mm. 5 2 5°c-c 1 mm<o 

mwwmiM&A l . 2 0 0 °cv 8 B#facoMM t$m z 



o 

m 

X 



IP 4/W»709«nA I 
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[00 24] 



[00 2 5] 



[00 26] 



[00 27] 
[fll 3 



1 1-*1 7t«ELfc. 3r*5. fgm ■ffi£l±Tm^-fMK)ThZ>. 

( i ) 5\mmi 

(a) f£®W :JIS 2 2 20 

(b) fr£§W)i£ : T^Xy-TjmW&mZmi^T. J I S Z 2 24 1 

©• • §l3f^l£2 5 0N/mm2 m± 

O • • 3I5I3£§ 15 0 N/mm* Jil±T'2 5 0 N/mm* 

X • • 3l3SHi$ 15 0 N/mm! 



(2) W 
(a) 
( b ) 



( c ) fiJixlHffi 



( 3 ) 5 ? n*imHK 

( a ) mix 

( b ) 



( c ) IVLfPA 



( 4 ) Iff AHR 
( a ) gdtffr 

( b ) mmim 



( c ) HMffi3fi£ 



1 tdTjCf" 

T-?W± 



•TIG 

• 200A 
•20V 

•30c m/m i n 
T)VztyjjX : v$Mi • • • 1 0 U •/ i n 

©• • • fijix*$3 0mm3fol 

O- • • SiJixft$3 OmmlXh, 5 0mm*Sf 

X • • • fptfUSS 5 OmmliLh 



5mmXfel 0 0 mmX#J 1 0 Omm 



2 mm 4> 
2 mm 0 



T—9% 



•TIG 

• A5356BY. 3 

• -tU^AAOW, 3 

• 2 2 OA 

• 20V 

•30c m/ m i n 

• • • 1 0 U >y Y)V/m i n 

O - • • 5 7 ufJft<9f&£&E L 
x • • • 5 ? oMft. HlfiUJ&ife 



5mmxii6 0mmXl$8 Omm 
&fc«mUm. : J I S Z 2 3 7 1 {CJg&l 

5%NaC 1 

l-2ml /8 0 c m 2 /B#|g| 
3 5"C 

1 oooei 



O 
x 



4 *W**V-Wh*^*»*% * * 
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5M 




<t 


¥ & & 


<sm%) 




No. 


























Mg 


S i 


o c 


C it 

Cr U 


A rr 
Ag 


Al 




1 


0.2 


0.15 


ft HQ 

u. uo 










2 


1.0 


a is 








# 


3 


2.0 


a is 


ft frt 










4 


0.2 


0.7 


ft rtQ 










5 


1.0 


0.7 


ft rra 










6 


2L0 


0.7 


ft fW 
U. Uo 






W 


7 


0.2 


1.5 


0.03 










8 


LO 


1 r 


0.03 










9 


2.0 


1.5 


ft nQ 
U. Uo 










1 0 


0.2 


0.15 


1. u 






SI 




1 1 


1.0 


0.15 


1 ft 
1. u 










1 2 


2.0 


0.15 


1. u 










i 3 


0.2 


0.7 


1 ft 






SI 




1 4 


LO 


0.7 


L U 










i 5 


2.0 


0.7 


1 A 

L0 






E£ ! 




1 6 


(X2 


L5 


L0 










1 7 


LO 


1. D 


L0 






EC. 




1 8 


2.0 


L5 


1 A 






81 




1 9 


G.2 


0.15 


O A 
O.U 






/PC 




2 0 


LO 


0.15 


O A 










2 1 


2.0 


0.15 


«5 A 






EC 




2 2 


012 


0.7 


O A 

o. U 






EE 




2 3 


LO 


0.7 


9 A 

o. U 










2 4 


2.0 


0.7 


Q A 
O.0 






ZX . 




2 5 


0 2 


1.5 


ao 






££ 




2 6 


1 0 


i. o 


S\0 










2 7 


2.0 


1.5 


ao 










2 8 


LO 


LO 


LO 


ai 








2 9 


LO 


LO 


1.0 


as 




m 




3 0 


LO 


1.0 


L0 


LO 




m 




3 1 


LO 


LO 


1.0 




ao5 


m 




3 2 


1.0 


LO 


L0 




0.5 


m 




3 3 


LO 


LO 


LO 




L0 


m 




3 4 


LO 


LO 


1.0 


ai 


ao5 


& 




3 5 


LO 


1.0 


1.0 


0.5 


as 


% 




3 6 


1.0 


1.0 


1.0 


LO 


L0 





[0 028] 

im2i 



•MCrwirv - to 
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It 


¥ & ft a 




BLM 




NO. 
















Ms 


S i 


Sc 


Cu 


Ag 


Fe 


Mn 


Cr 


V 


Ni 


Mo 




6 7 


A o 

0.2 


A IC 

0. lo 


A AO 

0.03 






a oi 
















i a 
1.0 


1 A 

l.O 


1 A 

l.O 






a25 
















2.0 


1.5 


A A 

3.0 






as 














4 U 


A O 

\Xc 


01 15 


A AO 

0.03 








0.01 












4 i 
4 1 


1.0 


1 A 
1.0 


1 A 

1.0 








as 












4 2 


O A 

2.0 


L5 


A A 

3.0 








1.5 












4 6 


A O 


A 1C 


A An 

0.03 


















4 4 


1 A 

1.0 


1 A 

1. 0 


1.0 










0.3 










4 5 


£0 


L5 


10 










0.6 










4 6 


a n 

0.2 


a ir 

0. 15 


A rt A 

0.03 












U. VI 








4 7 


1 A 

L0 


1 A 

1.0 


1.0 












a2 








4 8 


ZO 


1.5 


ao 












0.5 








4 9 


0,2 


0.15 


0.03 












0.05 






C A 

5 0 


1 A 

1.0 


1 A 

1.0 


1.0 














0.5 






IT ■ 

5 1 


2. 0 


1.5 


3.0 














1.0 






5 2 


0.2 


0. 15 


0.03 


. 












a oi 




e a 

5 3 


1.0 


1.0 


1.0 
















0.2 




5 4 


O A 

2.0 


1.5 


3.0 
















0.5 




5 5 


0.2 


0. 15 


0.03 


















aos 


5 6 


L0 


1.0 


1.0 


















L0 


5 7 


io 


1.5 


3.0 


















2.0 


5 8 


0.2 


0. 15 


0.03 


n i 




a oi 














5 9 


L0 


1.0 


1.0 


n ^ 

VI. »j 




0.25 














6 0 


2.0 


1.5 


10 


1 A 

1. V 




as 














6 1 


2.0 


L5 


10 


ft C\ 


as 


a25 














6 2 


0.2 


0. 15 


0.03 




a 05 




0 01 












6 3 


L0 


1.0 


1.0 




a5 i 




0.5 












6 4 


2.0 


1.5 


10 




L0 




L5 












6 5 


2.0 


1.5 


10 


as 


as 




a5 












6 6 


a2 


0.15 


0.03 


0.1 








a oi 










6 7 


L0 


1.0 


1.0 


0.5 








a3 










6 8 


2.0 


1.5 


10 


1.0 








a6 










6 9 


2.0 


1.5 


10 


0.5 


a5 






a3 










7 0 


a2 


a 15 


0.03 




ao5 








0.01 








7 1 


L0 


1.0 


1.0 




0.5 








a2 








7 2 


2.0 


1.5 


10 




1.0 








as 








7 3 


ao 


1.5 


10 


as 


as 








0.2 









: A 1 : g| 



[0029] [g|3] 
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urn 










/L. 

1C 


5* fi£ # 












No. 






















Mg 


S i 


Sc 


Cu 


Ag 


r e 


Mn 


C r 


1 r 

V 


N i 


Mo 


MM 


Ti 


B 


7 r 


A I 




168 


0.2 


0 15 


0.03 












- 








0.3 






XX. 


it 


169 


1.0 


1.0 


L0 




















0.1 




K 


170 


2.0 


1.5 


ao 






















0.35 


fx 


171 


0.2 


0.15 


ao3 


as 


U. 5 
















a3 




SI 

SI 


172 


1.0 


1.0 




0.5 


0.5 
















0.1 






173 


2.0 


1.5 


3L0 


as 


a o 


















U. OO 


»5 




174 


1.0 


1.0 


L0 






0. z 














0.3 






SI 


175 


1.0 


1.0 


L0 








a d 












0.1 








176 


1.0 


1.0 


L0 










a2 












n V\ 

U. 00 


SI 




177 


1.0 


1.0 


L0 












0.1 








0.3 






178 


1.0 


1.0 


L0 














0.5 






0.1 




Si 




179 


1 0 


1 0 


1 0 
















ai 






A or 

0.35 
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